Observations of Multiple Surges Associated with Magnetic 
Activities in AR10484 on 25 October 2003 



Wahab Uddin^, B. Schmieder^, R. Chandra'^, Abhishek K. Srivastava^, Pankaj Kumar^, 

Bisht^ 

wahabSaries . res . in 
ABSTRACT 

We present a multiwavelength study of recurrent surges observed in Ha, UV 
(SOHO/EIT) and Radio (Learmonth, Australia) from the super-active region 
NOAA 10484 on 25 October, 2003. Several bright structures visible in Ha and 
UV corresponding to subfiares are also observed at the base of each surge. Type 
HI bursts are triggered and RHESSI X-ray sources are evident with surge activity. 
The major surge consists of the bunches of ejective paths forming a fan-shape 
region with an angular size of 65°) during its maximum phase. The ejection 
speed reaches upto ~200 km/s. The SOHO/MDI magnetograms reveal that a 
large dipole emerges east side of the active region on 18-20 October 2003, a few 
days before the surges. On October 25, 2003, the major sunspots were surrounded 
by "moat regions" with moving magnetic features (MMFs). Parasitic fragmented 
positive polarities were pushed by the ambient dispersion motion of the MMFs 
and annihilated with negative polarities at the borders of the moat region of the 
following spot to produce flares and surges. A topology analysis of the global Sun 
using PFSS shows that the fan structures visible in the EIT 171 A images follow 
magnetic field lines connecting the present AR to a preceding AR in the South 
East. Radio observations of type HI bursts indicate that they are coincident with 
the surges, suggesting that magnetic reconnection is the driver mechanism. The 
magnetic energy released by reconnection is transformed into plasma heating and 
provides the kinetic energy for the ejections. A lack of a radio signature in the 
high corona suggests that the surges are confined to follow the closed field lines in 
the fans. We conclude that these cool surges may have some local heating effects 
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in the closed loops, but probably play a minor role in global coronal heating and 
the surge material does not escape to the solar wind. 

Subject headings: Solar flare - surges, magnetic fleld, sunspots, magnetic recon- 
nect ion 



INTRODUCTION 



Solar surge is a collimated ejection of plasma material from the lower solar atmosphere 
into the corona. These ejecta exhibit episodic heating and cooling also, therefore, may be 
visible in the range of er nissions from Ha to EU V/UV, and X-rays, and can be abbreviated 
in general as solar jets (jSchmieder et al.lll995l ). The surges may have initiation velocity 
of ~50 km s~^, which may further increase up to a maximum value of 100—300 km s"^, 
and these surges may reach up to the heights of 10 Mm to 200 Mm or even more (jSterling 
20001). Lifeti me of surges is about 30 min , and they can be recurrent with a period of an 
hour or more (jSchmieder et al.l Il984i 119951 ) . Usually the surge is conflned to one or several 
narrow threads of magnetic flelds embedded in the plasma that shoot out above the solar 
surface. However, such surges are mostly associated with the flaring regions and the sites of 
solar transients where recurrent magnetic reconnection is dominant. The evolution of solar 
surges has been studied comprehensively in association with magnetic fleld emergence and 
cancellation, as well as flaring acti vities of the solar atmosphere where such plasma jets also 



appeared twisted and spirale d (e.g.. lSchmieder et al.lll994l : IChae et al.lll999uYoshimura et al. 



2003; Liu &: Kurokawal 2004, and references cited there in) 



The solar sur ges rnay occur in the regions of emerging magn etic fluxes in the vicinity 



of satellite spots flRustlJlgGSyRo^ 



associated with flares (iSchmieder et al. 



1973 



Kurokawa &: Kawai 



19881. 



19951 



I993I). Often these surges ar e 



Uddin et al 



20041 : IChandra et al.l 120061 ) 



and magnetic reconnection may be responsible for the acceleration as well as heating of the 
plasma. An other kind of reconnecti on could occur due to the collision of opposite polar- 



called MMFs f Harvev &: HarvevI Il973 



ity magnetic fl uxes in "moat region" (Brooks et al.l 120071). Small moving magnetic features 



Sainz Dalda fc Lopez Aristel l2007l : iKitiashvili et al. 



2OIOI ). are observed as moat regions. The formation of MMFs is closely related to the 
fragmentation and disintegration of sunspot magnetic fluxes. Recent studies show that the 
amount of magnetic flux lost by the sunspots is similar to the flux transported in the moat 
region ( iKubo et al.ll2008l ). The flux is annihilated at the border of the moat region, and 
in its consequence the sub flares, jets and s u rges may occur du r ing the reconnection pro - 
cesses along neutral lines feeck et al.l l2007t brooks et all I2OO7I . l2008[ lEngell et al.lboilh . 
Theoretical models have been developed concerning canceling flux producing surges or jets. 
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The emerging-flux model of lYokoyama fc Shibatal (119961 ) supports this kind of surge dy- 
namics, which may be triggered due to the interaction of emerging photospheric field with 
the pre-existing overlying coronal magnetic fields. Although magnetic reconnection and 
photospheric magnetic activities may be the key in driving many solar surges and other 
jets, however , sever al other mechanisms may also be responsible for the surge/jet dynamics. 
Pariat et al.l ( l2010l ) have developed a 3D reconnection model without evidence of emerging 
flux. This model i s able to generate unt w isting jets when a st ress is constantly applied 
at the photosphere (IRachmeler et al.l 120101 ). IShibata et al.l (119821 ) and ISterling et al.l (119931 ) 
have reported that the pressure pulse can trigger the solar surges of moderate heights in the 
hydrodynamic regime of the solar atmosphere. Solar surges may also be acce lerated due to 
the whip motion of the rec onnection generated newly formed magnetic field ( IShibata et al. 
19921 : ICanfield et al.lll996a( ). while t he reconnection genera ted explosive events may also trig- 
ger suc h kind of plasma dynara ics (iMadjarska et al.ll2009l ). In addition to the typical solar 
surges, iGeorgakilas et al.1 (119991 ) have observed the polar surges as cool jets at polar region 
without any association with transients. Recently, the cool jets and surges have also been 
modeled respectively in the polar region as well as near the boundary of a non-flaring ac- 
tive region due to reconnection generate d velocity pulses in the ideal magnetohydrodynami c 
(MHD) regime of the solar atmosphere (ISrivastava fc Murawskill201ll : iKayshap et al.ll2012l ). 
In conclusions, the solar surges and other various types of solar jets may be excited via both, 
e.g., the direct magnetic reconnection processes in the emerging field regions, as well as due 
to the magnetohydrodynamic wave activities. 

During October-November 2003, major solar activity originated from three super-active 
regions, namely NOAA AR 10484, 10486 and 10488. The active region NOAA 10484 
(N05W29) evolved on 25 October, 2003 was very complex having [i'^d configuration. This 
AR has produced many recurrent surges and flare activities during its passage on the solar 
disc. It produced major surge activities on 22 and 25 October, 2003. On October 25, we 
observed recurrent surges between 01:50 UT and 04:1 5 UT. A preliminary report on these 
observations has been presented in lUddin et al.l (120 lOf ). In this active region, there was no 
evidence of strong emerging magnetic fluxes during the recurrent surges. 

Many questions arise around the surge activity: 

What is the trigger mechanism of the surges? Are they due to reconnection with the 
pre-existing field lines? What is the dynamics of the magnetic boundary bringing collision of 
opposite polarities? Are the pre-existing field lines open or close at the periphery of the active 
Commonly o u tflows are observed at the per iphery of active regions ( iHarra et al. 



2008; 


Del Zanna 


2008 


)• 



spicules in the outskirts of ARs are related to these outflows. IWarren et al.l ( 120111 ) and 
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Ugarte-Urra fc WarrenI fl201ll ) claimed that there is no direct relationship between these two 
populations of structures, i.e., the hot and cool loops maintained respectively at mega/sub- 
mega-Kelvin temperatures. The questions arises that whether these observed surges in AR 
10484 may participate to the commonly observed outflows in the outskirts of active regions 
or not? To understand this issue, statistical studies should be done to flnd if any relationship 
between these cool jets and the outflows of hot plasma commonly observed at the periphery 
of active regions does exist. However, this topic is out of the scope of present work. 

In this paper, we present a detail mult i wavelength study of recurrent surges and their 
associated events (e.g., flares) as occurred in AR 10484. In Section [2|, we present the details 
of data sets used in this study. The multiwavelength evolution of the surges and their 
association with subflares are described in Section 121 In section HJ we describe the magnetic 
fleld evolution of active region before and during the surges and associated flares. We discuss 
on the possibility for a decaying active region and its magnetic activities to produce surges, 
and conclude, in the last section, on our results in the frame of the above questions and on 
the possible trigger of the surges: wave or reconnection . 



2. OBSERVATIONAL DATA SETS 

The data sets used for our present study, have been taken from following sources: 

Ha Data : The Ha observations of the flare and associated surges were carried out at ARIES, 
Nainital, India by using 15 cm f/15 Coude solar tower telescope equipped with Ha fllter. The 
image size was enlarged by a factor of two using a Barlow lens. The images were recorded 
by a 16 bit 576x384 pixels CCD camera system having pixel size 22 yU^. The resolution of 
the images is 1" per pixel. The cadence for the images is ~15-20 sec. 

SOHO/MDI Data : To understand the evolution of magnetic complexity of the active 
region, we use SOHO/MDI data . The magnetic fleld data was taken from the SOHO/MDI 
instrument ( Scherrer et al. I ll995h . The cadence of images is 96 minute and the pixel resolution 
is 1.98". 



SOHO/EIT Data : SOHO/EIT flDelaboudiniere et al.lll995h observe the full-disk Sun with 



a cadence of 12 min and pixel resolution of 2.5". It observes in four spectral bands centered 
on Fe IX/X (171 A), Fe XII (195 A), Fe XV (284 A) and and He II (304 A). For our current 
study, we used 171 A data. 

X — Ray Data : To understand the evolution of flares and associated surges, we recon- 
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structed X-ray imag e s from the Reuven Ramaty High-Energy Solar Spectroscopic Imager 
(RHESSI; iLin et al.l (j2002[ )). We reconstructed the images in 6-12 keV energy band from 
colhmators (3F to 9 F) using the CLEAN algorithm, which has a spatial resolution of ~ 7" 
jHurford et ali 120021 ). 



3. MULTIWAVELENGTH OBSERVATIONS OF RECURRENT SURGES 

AND ASSOCIATED FLARES 

The multiwavelength evolution of the observed solar surges and their association with 
flares are described in following subsections. 



3.1. Temporal variations of Ha surges and flares 

The ARIES Ha images during the surge activities on 25 October, 2003 from NOAA 
AR 10484, are presented in Fig. [1] They show the dynamic evolution of the recurrent surge 
activity from 01:50 UT to 04:15 UT. During the above mentioned time period, we observed 
several surges in Ha. The surge activity occurred in the following satellite sunspots of the 
active region NOAA AR 10484. 

Seven surges (Surge 1 to Surge 7) were identified (Fig. [H see the arrows). Four of 
them were clearly associated with Ha brightenings. To investigate in more detail the surge 
evolution and the Ha brightenings at their footpoints, we computed the Ha relative intensity 
profile of the brightenings, the time of the Ha brightening maxima, the onsets of surges, and 
the time where the surge vanishes (Fig. [2] and Table 1). 

In Fig. [2], we also present the GOES soft X-ray light curve obtained by full disk inte- 
gration (top panel) and the RHESSI satellite thermal emission (6-12 keV) of the AR 10484 
(middle panel). The latter curve has unfortunately large time gaps, however, we are able 
to identify two flares at ~3:00 UT and at ~4:00 UT. By comparing the three light curves 
of the Fig. 121 we conclude that all the C class X-ray flares of the GOES curve (Flares 1, 2, 
and 3 with 3 bumps) occur in AR 10484, excepted one at 02:02 UT which is observed in 
the neighbouring AR 10486. We present in Table 1 the class of the flares. We reconstructed 
images of RHESSI in the low energy band (6-12 keV) where there are enough counts. 

To understand the location of the X-ray sources with Ha brightenings, we co-aligned 
the Ha data with the RHESSI thermal source. The contours of the X-ray sources is drawn 
in two Ha images shown in Fig. 3. The location of the X-ray sources coincides with the Ha 
brightened footpoint for the two surges corresponding to the two flares observed by RHESSI 
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Table 1: Details of the surges and flares 



Name of 


Surge 


Ha max 


Max 


Flare 


No. of 


Max 


Max Surge 


Type III 


surge 


onset 


Intensity 


GOES 


class 


Flare 


RHESSI 


Length 




1 


1:50 


1:50 


1:57 


C1.2 


1 


No 


2:10 


1:55-58 


2 


3:05 


<3:09 


3:00 


C2.6 


2 


3:00 


3:30 


3:00 


3 


3:36 


3:30 -39 


3:35-3:39 


C3.9 


3 (bumpl) 


No 


3:40 


3:35-3:45 


4 


3:50 


3:52 


3:52 


C3.4 


3(bump2) 


No 


4:00 




5 


3:42 


3:40 


3:40 


C3.9 


3(bumpl) 


No 


4:05 


3:35-3:45 


6 


<3:55 










No 


4:09 




7 


4:09 


4:10 


3:57 


C3.6 


3(bump3) 


<4:00 


4:20 


4:20 



(Flare 2, and Flare 3 with three bumps). It demonstrates the co-spatiality of the thermal 
sources and the Ha brightenings. 

3.2. Spatial variations of Ha surges 

We describe in details each surge shown in Fig. [T] and give quantitative results in Table 
1. We have calculated for each surge its extension versus time from the brightened footpoint 
to its leading edge and its speed. These results are shown in Fig. [2] (bottom panel) and in 
Table 1. 

Surge 1 was a small ejection of plasma in the North-East direction, and was associated 
with Flare 1 and an Ha brightening (Fig. [T]). Due to unavailability of high-resolution Ha 
observations, we could not see its evolution in details. Surge 2 started around 03:06 UT in 
North-East direction, increased within two periods and flnally decayed around 03:30 UT. 
This surge was associated with Flare 2 ( C2.9 ) as well as with an Ha brightening at its 
footpoint. Surge 3 started very impulsively around 03:36 UT with a rapid enhancement of 
an Ha brightening (cf.. Fig. The plasma was ejected in North-East direction, however, 
slightly East in comparison to the direction of the previous surges. This surge decayed in 
4 minutes around 03:40 UT. The speed of this surge expansion is estimated to 200 km/s, 
which is the faster. When the Ha brightening reached its maximum, the surge was decaying. 
It could be associated with the flrst bump of Flare 3 (Flare 3, bump 1). Similarly, Surge 4 
started to erupt around 03:45 UT in the North-East direction from the triggering site of the 
recurrent surges during the impulsive and maximum phase of the Ha brightening. 
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At 03:55 UT, co-temporally to Surge 4, Surges 5 and 6 have already started to erupt 
in the East and South-East direction. Surge 5 is bigger than Surge 6, and more elongated 
in size. After some time, they appeared as a single surge forming together a fan-type dark 
structure. Surge 5 and 6 were not associated with intense brightenings at their footpoints. 
However, during the surge onset period, we found faint brightenings. Possibly the flare 
brightening may be hidden by the dark surge material or it is associated with the first bump 
of Flare 3.1. Thereafter, they merge with each other, and individual surges were no longer 
resolved. We could only calculate the length of Surge 5 as the contrast of surge 6 was 
comparatively low. The length-time plot of Surge 5 shows that the surge erupt after Flare 3. 
Surge 7 started around 04:09 UT again in the East direction, and was initiated from a Ha 
brightening corresponding to Flare 3.3. Surge 7 reached the largest height compared with 
the other surges. The maximum projected length in case of Surge 7 is around 140 Mm and 
its speed close to 100 km/s. 

We conclude that the surge onsets were commonly associated with the impulsive phase 
of the GOES flares and reached their maximum length during the decay of Ha brightenings. 
Their velocities are between 25 to 200 km/s. 



3.3. SOHO/EIT observations and topology analysis 

To compare the Ha brightenings and the coronal brightenings visible in EIT, as well as 
surges, we overlaid EIT contours over the Ha images at a four instances. The results are 
shown in Fig. 4. At 03:24 UT, at 03:48 and 04:12 UT, the EIT bright regions are elongated 
structures and closely co-spatial with the Ha surge footpoint brightenings even they did not 
correspond to the onsets of the flares. The heating indicated by the brightenings in multi- 
wavelengths is local and nearly co- spatial. The bright Ha brightenings are possibly parts of 
the surges, as suggested previously ISchmieder et al. Jl984[ ) by looking at the Doppler shifts 
of such structures, which show a continuity in the Doppler-shift pattern between bright and 
dark structures. We would need to have informations on the Doppler shifts all along the 
structures to confirm that bright and dark bundles belong to a unique structure. 

An interesting observation is the shape of the loops visible in EIT before the surge 
activity. Fig. 5 displays the SOHO/EIT 171 A image at 01:00:14 UT. The dotted 'V shaped 
line in the East direction indicates a fan-shape structure of magnetic field lines, which is 
similar to the fan-shape of the bunches of surges 4, 5, and 6. All the Ha surges erupted in 
the same cone direction. 



A question arises: Are the field lines inside the fan open or closed? We used the Potential 
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Field Source Surface (PFSS) extrapolation code to derive the global structure of the Sun on 
October 25, 2003. Fig. [6] shows that the bunches of field lines in the fan are in fact closed 
field lines linking the two active regions: AR 10484 and AR 10486. 

In Fig. 4, the Ha image at 03:59 UT is overlaid by MDI contours. From this snapshot, 
it is shown that the footpoints of the surges are in a mixed polarity region, dominated by 
the positive polarity but the edge of a negative main polarity spot of the region. The region 
of the ejection of the surges is located between magnetic field lines on the East side of the 
active region and the active region itself overlaid by close loops. It means that there may 
be separatrix or Quasi-separatrix layers (QSLs) in that region. Field lines change easily of 
connectivity according to photospheric motions of the mixed polarities. It is a favourable 
region for reconnection. We suggest that the reconnection is done successively in different 
locations along the separatrix from a northern point to southern one. The material of the 
surge would escape along the pre-existing field lines, which make a fan-shape structure similar 
to the KIT loops. The reconnection would heat locally the plasma in these reconnected field 
lines up to 1 MK. These events are transients and may participate to the global coronal 
heating only with a minor effect. 



3.4. Radio Observations 



Fig. [7] (bottom-panel) shows the dynamic radio spectrum of Learmonth observatory in 
the frequency range 25-180 MHz. During the maximum phase of recurrent surge activities, 
a series of Type HI bursts has been observed (Table 1). We noticed two Type HI bursts 
during the maximum of Surge 1 before 02:00 UT. During Surge 2, two sets of Type HI bursts 
are evident, respectively around 03:30 UT and 03:40 UT. Type HI radio bursts generally 
repre sent the escaping electrons along open field lines (IDulk et al.l 1 19791 : iNitta fc De Rosa 
20081 ). The appearance of recurrent Type HI bursts during the peak evolutionary phases 
of the surges, may be most likely the signature of the generation of non-thermal particles 
due to reconnection episodes. It may be most plausible during the initiation of recurrent 
surge activity and the eruption of surge material that the magnetic field lines come closer 
and reconnect. Due to the reconnection, the energetic particles are produced and hence 
we observe the series of Type HI radio bursts. Therefore, the presence of recurrent Type 
HI bursts provide an evidence of multiple magnetic reconnections at the activity site, and 
bulk plasma acceleration along the field lines forming the surges. No Type HI bursts have 
been identified in WIND satellite data as have shown other authors for a similar event 



flBentley et al.ll2000l ). Therefore it confirms that the accelerated particles are reaching only 
to the low corona, as suggested by the radio frequency range (~0.2, 0.3 solar radii). These 
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particles are certainly following the system of large loops existing between the two active 
regions already mentioned in the previous section. These transient cool jets and associated 
particles are confined in close loops and cannot play an important role in the outflows 
observed commonly at the periphery of active regions in open field and definitively not 
participate to the solar wind. 



4. MAGNETIC FIELD ACTIVITY RELATED WITH RECURRENT 

SURGES 

In order to understand the relation between the recurrent surge activity and the mag- 
netic field configuration of the region, we present the evolution of magnetic field before, 
during and after the surges (Fig. [8]). From MDI time-series data, we see that a large bipole 
emerged ahead of a remnant active region as it crosses the limb. On the 18-20 October, 
the two main polarities of the eme rging bipoles have a "tongue-shape" as it is frequently 



observed during strong emergence (jChandra et al.ll2009l ). The polarities of the old active 



region broke in many segments in the surrounding of the bipole and created the 6 configura- 
tion of the AR 10484. This is evident as largely extended negative polarity area surrounded 
by positive polarities in the active region. Already on October 22, the polarities started 
to disperse and the active region entered in a decay phase. Fig. [H] (top) shows the MDI 
magnetogram on 24 October 2003 at 14:23 UT before the surge activity. Opposite polarities 
surrounding the main polarities escape radially away from the spots. Around the left/right 
(negative/positive) main polarity, there is a ring of opposite polarities (positive/negative) 
respectively. Such a ring is observed successively on October 22 and on 24 October at 14:23 
UT. This is the scenario of the building up of magnetic activity and complexity in and around 
the origin site of recurrent solar surges in AR 10484. 

During the decay phase of sunspots, there is a radial dispersion of the flux with radial 
"sea serpent" structures with positive and negative polarities forming a ring of polarities 
that pr ogressively reaches the network. This region surrounding the spot is called moat 



region (IHarvey fc Harvey! Il973l ). The polarities that are present in this moat region are in 
the dynamics of the dispersion. Looking at the MDI time-series data, we see that this ring 
of polarities appear several times during the dispersion phase of the magnetic fluxes. During 
this time, some small flux were escaping from the negative/positive main polarity and most 
likely cancel with the moat polarities. This phenomena is a common process to decrease the 
flux during the decaying phase of an active region. The enlarged part of the active region, 
where the surges were originated, has been displayed in Fig. [8] (bottom). 



We notice that the positive polarity PO is submitted to the ambient dispersion process. 
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PO broke into three pieces i.e. P2, P3, and P4 on 25 October at 01:35 UT. From the main 
negative polarity, a small negative polarity Nl escaped and disappeared at 06:23 UT on 
25 October. This negative polarity (Nl) was being cancelled with parts of small P2 and 
P3 polarities. The cancellation of PO was done in successive annihilations of positive and 
negative fluxes during the spatial expansion of main polarities. This annihilation occurs 
very close to the inversion line in close proximity of P2, P3, P4, Nl, and the main negative 
polarity. We also followed the evolution of PI and NO polarities with time and found that 
these polarities are increasing in size as well in magnitude, and coming closer to each other 
for cancellation. 

We computed the variation of magnetic fluxes in the region of these surges. For this 
purpose, we selected a box as shown in Fig. |H1 The temporal variation of positive, negative 
and total fluxes before, during and after the surge activity inside the box is shown in Fig. [HI 
The plot shows that the positive flux is increasing before the surge activity due to the 
emergence of positive ring polarities. On the other hand during the surge activity (shown 
by vertical line in Fig. [9]), we found the decrement in positive, negative, and total flux. The 
constant decreasing negative flux demonstrates that the active region is in a decay phase. 
The decrease of total flux at the bottom of surges indicates that the flux cancellation is on 
going process, which would be important factor for the triggering of solar surges. However 
it is difficult to detect the decrease of the negative flux associated with the cancellation field 
at the base of the surge because the decrease of such a fiux is one order of magnitude less 
according to the decrement of positive fiux. 

Under the base-line of our interpretation based on morphological investigation of MDI 
data as well as temporal variation of the magnetic fiuxes, it may also be quite possible that the 
fiux cancellation could be a signature of submergence of the magnetic polarities. Therefore, 
the energy released by reconnection in the low solar atmosphere would be transformed into 
thermal heating and kinetic energy. These underlying processes of surges are starting again 
when the ring of opposite polarities emerges around the main spots. An other important 
reason that such cancellation leads to surge activity, is the existence of the QSLs , region 
where field lines can change of connectivity. 

In the present study under the baseline of our observations, we found the emergence 
and fragmentation of magnetic polarities, and thereafter their cancellation with the main 
magnetic polarities that trigger the recurrent surges and associated energy release (heating) 
at their footpoints. Fig. [10] displays the schematic cartoon showing the surge association due 
to the reconnection of the neighbouring field lines (i.e. positive) with the opposite polarity 
field region. The "X" symbol shows the reconnection point in between opposite polarity field 
regions. 
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DISCUSSION AND CONCLUSIONS 



In the present paper, we outline a multiwavelength study of seven recurrent surges and 
associated flare brightenings on October 25 2003 from the active region NOAA AR 10484. 
For this study, we use ARIES Ha, SOHO/EIT, MDI, and RHESSI observations. Out of 
seven surges, five surges were associated with footpoint brightenings and corresponding flare 
energy release. In case of surge five and six, we could not notice footpoint brightening. 
One possibility to not see footpoint brightening is that these surges are very dynamic and 
extended, as well as due to the large area of these surges the compact footpoint brightening 
may be hidden in the cool plasma eruption. The length-time plots of brightenings associated 
surges indicate that the length is increasing or sometimes decreasing (as in the case of surge 
2) with the increment or decrement of the brightness at footpoint. This is the evidence 
that compact energy release at the base is pumping the plasma material in the form of 
surge. All the surges ejected in the North-East to South-East direction. The speed of 
the surges is between 25 and 200 km/s . This kind of large velocity h as been observed in 
spicules Type II in Ca H as reported by lDe Pontieu fc Mcintosh! (120101 ). They claimed that 
they can follow the up flows in hot structures (1 to 2 MK) which could participate to the 
coronal heating. We cannot confirm their findings even if hot material (IMK) is observed. 
Recently, the hot plasma up flows were also detected near t he boundary of active r egions, 
which may be potential candidates for the coronal heating ( iDe Pontieu et al.ll201ll ). Such 
type of jets, surges, and confined plasma dynamics have been modelled recently in form of 
the evolution of slow shocks that could carry the hot plasma material followed by the cool 



plasma in the under press ure region in magnetic flux tubes (jSrivastava fc Murawskil 12011 



2OI2I : iKayshap et al.ll2012[ ). Afterall, in the present observations, the hot plasma is detected 
at the base of the cool jets and not at the top. The shock mechanism cannot be at work 
in the present situation. Both hot and cool plasma follow field lines belonging to the same 
system joining two active regions. This plasma is not in open field lines and therefore, will 
not implement the commonly observed outflows in t he outskirts of the active regions w hich 
could participate to the initiation of the solar wind ( iHarra et al.ll2008t iDel Zannal 120081 ). 



The MDI magnetograms reveal positive flux of opposite polarities around the main 
spots. This behaviour could indicate that the active region is in a decay phase with the 
presence of a moat region. The polarities are very much fragmented in this moat region. The 
dispersion motion pushed the parasitic positive polarities to merge with negative polarities 
in the moat region. The positive parasitic polarity changes shape, breaking into pieces 
and cancel with neighbouring opposite polarities during the dispersion of the dipoles of the 
moat. The cancellation of flux initiates the surges. The horizontal motion of the polarities 
in the moat region is important to push the opposite polarities together and forces the 
reconnection. The field lines of the sunspot penumbra are reconnecting with the pre-existing 
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open field external to the active region. It is frequentl y observed that surge s occur at the 



perip hery of active region close to parasitic polarities (IKurokawa et al.l 120071 : iBrooks et al. 



20071 ). MHD simulations show that s urges and jets occur when polarities merge close to 
open field lines like in coronal holes f lMoreno- Insert is et al.ll2008l ). A question subsists if 
the surges are pro duced by squeezing and compression of the plasma or by reconnection 
( llsobe et al.l 120071 ). Flux cancellation at the bottom of the surges might give the power 
for recurrent surge activities. This scenario is supported by lYokoyama fc Shibata] (119961 ) 
on the basis of numerical simulations. The flares that formed nearby the footpoints of the 
surges and the Type-Ill ra dio bursts that were observed during these events are evidence s 
of magnetic reconnections fIShibata et al.lll994l : ICanfield et al.lll996bl : iBentley et al.ll2000l ). 
The presence of open field close to the active region favours the occurrence of surges and 
jets f lMoreno-Insertis et al.ll2008l ). 



However, the formation of various types of jets (e.g., surges, coronal jets, spicules) 
at different spatio-temporal scales can either be driven by direct reconnection process , or 
sometimes reconnection triggered them indirectly. This depends upon the height of the 



reconnection site as well as the local plasma and magnetic field conditions. [Sterling et al. 



(119931 ) have demonstrated that the pressure pulse generated by energy release in the non- 
magnetized atmosphere can trigger the surge material. Recently, the cool jets and long 
spicules have been reported as driven by the reconnection generated velocity pulses suf- 



ficiently evolved in t he chromosphere (ISrivastava fc Murawskil l201ll : iMurawski et al.l 12011 



Kayshap et al.ll2012l ). However, such magnetohydrodynamic pulses and their steepening in 
form of localized shocks were associated mostly with non-fiaring regions, where they attain 
sufficient spatio-temporal scales and ambient plasma conditions for their growth and sub- 
sequently the triggering of the various types of jets. Moreover, such types of pulse driven 
jets exhibit quasi-periodic rise and fall of the plasma material. In the present observations, 
we get the recurrent surge jets and associated flare energy release. Photospheric magnetic 
field cancellation due to the fragmentation of the emerging opposite polarities and associated 
compact flare energy release are clearly evident, which may further release the plasma along 
the open field lines in the form of recurrent surges. Therefore, the recurrent flare energy 
release at the base of the surge locations near their footpoints generated due to photospheric 
reconnection may be the main cause for the surge eruptions. Collision of the magnetic po- 
larities triggers the compact flares and associated surges. Therefore, we rule out the other 
causes e.g., the generati on of the pressure or velocity pulses in t he surge region, e vidence 
of some explosive event (IMadjarska et al.ll2009l ). role of the twist (jPariat et al.ll2010l ) etc for 
the presented observations of the jet formation. 



In conclusion, we report on a multiwavelength observational study of energy build-up 
and dynamics in the form of multiple surge eruptions associated with flares due to successive 
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reconnections initiated by magnetic flux cancellations. However, the future multiwavelength 
observations and related MHD modeling should be carried out using recent high spatial 
and temporal resolution observations from space (e.g., SDO, Hinode) and complementary 
ground-based observations to understand the initiation, energetics, magnetic field topology 
and dynamics of surges. 
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Flare 1 




04:04:19 UT I 04:09:47 UT 



Fig. 1. — Ha image sequence showing the recurrent flare/surge activities on 25 October, 
2003 in AR 10484. The field-of-view of each image is 320" x 200". 
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Fig. 2. — GOES Soft X-ray flux (top panel) profiles in two different wavelengths on 25 
October 2003. The Ha relative intensity profile is well correlated with the GOES flux 
(bottom panel). There was Ha data gap in between 02:40-03:05 UT. There was recurrent 
small surge activities associated with flares at ~01:55 and between 03:00 UT and 04:30 UT 
(Flares 1, 2, 3). The C4.3 flare during 02:02-02:12 was occurred in another AR NOAA 10486 
located at the eastern limb. The length-time plot of the surges is shown and demonstrate 
the surge-flare relationship. 
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Fig. 3. — Ha images overlaid by RHESSI 6-12 keV contours during Flare 2 and Flare 3 
(bump 3) The contour levels are 50, 70 and 90% of the peak intensity. 
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Fig. 4. — Ha images showing the flares and surge eruptions overlaid by the SOHO/EIT 171 
A contours for three different times (top, and bottom right panel). The bottom left image 
shows an Ha image overlaid by MDI contours (white contours show the positive polarity 
whereas black contours indicate the negative polarity). 
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EIT 171/MDI 25-Oct-2003 01:00:14.622 UT 




Fig. 5. — SOHO/EIT 171 A image overlaid by the MDI contours (white shows the positive 
polarity whereas black indicates the negative polarity). The dotted lines indicate the fan- 
shaped structure of field lines over the activity site before the flare and surge activities. 



Fig. 6. — Potential Field Source Surface (PFSS) extrapolation overp lotted at the SoHO/MDI 
full disk map on October 25 2003 on 00:04 UT, which shows the large-scale field connectivity 
of two active regions as well as the topology of magnetic field near the surge productivity 
site in AR10484. 
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Fig. 7. — GOES soft X-ray light curve and Radio TYPE III bursts ( Learmonth) 
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Fig. 8. — Magnetogram on 24 October, 2003 before the surge activity showing the moat 
region around the main polarities (top panel) and zoom on the region of the surges (presented 
as a white box in the top panel) before, during, and after the surges (bottom panel). The 
field-of-view of the upper and lower images is 280" x 250" and 60" x 65" respectively. 
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Fig. 9. — The temporal variation of positive (triangle), negative (diamond) and total (star) 
magnetic flux before, during, and after the surge activities as measured over the selected 
area shown in the bottom panels of Figure [HI The two vertical lines indicate the duration of 
surge activity. 



Fig. 10. — Schematic cartoon showing the surge initiation due to the reconnection (shown 
by 'X') of the field fines witfi tfie opposite polarity field region, resulting of the anticlockwise 
motion of the negative polarity field region (indicated by thick arrow). Red contours indicate 
the positive polarity whereas blue ones show the negative polarity field region. Surge moves 
along the open field lines. 



